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POLYMER COMPOSITIONS AND ABSORBENT FIBERS PRODUCED THEREFROM 



This invention relates to curable polymer compositions which, when cured, become highly water absorbent 
More specifically, this invention relates to aqueous uncured linear polymer compositions which are stable 
at room temperature and possess excellent shelf life in uncured fbmrt. Because of their excellent shelf life, the 
5 compositions can be made into fibers which become highly water absorbent when cured 

In one of its more specific aspects, this invention relates to highly absorbent fibers and fit>er products suit- 
able for use in the manufacture of conventional hygienic and household absorbent products. The fibers of this 
invention achieve uniformly consistent, highly absorbent properties using small amounts of a reactive cross- 
linking compound and require short cure times. 
10 The terms "absorbent," "water-absorbing," and Vater-absorbent" when used herein to modify the polymer 

compositions, fibers, or fiber products of this invention are meant to include water, brine, and electrolyte solu- 
tions such as body fluids. 

Absorbent polymers in powderform are widely used in hygienic and household products. Examples of such 
products Include surgical and dental sponges, tampons, sanitary napkins and pads, bandages, disposable diap- 

IS ers, disposable towels, incontinence products, meat tray pads, household pet litter, and the like. Absort>ent 
polymers are also used as soil conditioners to improve water retention and increase air capacity and as water 
stopping agents for cables and the like. 

Although many of the commercial absorbent powders exhibit good water-absorbing capacity, they are hard 
to incorporate into absorbent products (e.g., disposable diapers) because of powder dusting problems and their 

20 tendency to move from where they are placed. Special powder handling equipment is generally required, and 
the powder must be glued, fused, or laminated to a support structure to keep the powder in place. These 
additional handling and manufacturing steps are time-consuming and increase manufacturing and product 
costs. In addition, powders form gels that have littie integrity or gel strength, and because of this, they are difficult 
to contain within a support structure. The containment of an absorbent material and the gel it fonms upon absor- 

25 bent usage is a critical property of disposable products. 

The above deficiencies in absorbent powders have led the absorbent product industry to seek non-powder 
forms of absorbent resins, specifically fibers. There remains a need in the at>sorbent product industry for an 
absorbent fiber which possesses uniformly consistent absorbent properties and can be made reliably at high 
speed and in large volume, using, to the extent possible, conventional spinning technology. It is obvious that 

30 the industry also desires fibres with a high absorbing capacity. 

One recent approach suitable for producing absorbent powders but not fibers is found in U.S. Pat 
4,418,163. This patent teaches a highly absorbent resin obtained by adding a polyamine to the reaction product 
of an isobutylene-maleic anhydride copolymer with an alkali metal hydroxide. Cross-linking is achieved by ionic 
t>onds between the cart>oxyl groups and the polyamine which bonds form immediately and at room temperature. 

35 The tonic t>onds are converted to amide linkage by dehydration, resulting in an absorbent resin. Due to the 
immediate ionic t>ond-forming reaction which serves to insolubilize the polymer, further processing of the resin 
into fbexs Is not feasible. Cross-linking agents other than polyamines are disclosed, including polyhydric 
alcohols and amino-alcohols, but the patent further teaches that if a cross-linking agent other than a polyamine 
is used, cross-linldng is then effected by linkages which are liable to hydrolysis, resulting in very poor water- 

40 aljsorfoing composites. U.S. Pat No. 4,41 8,1 63, is not seeking to produce fibers and fails to recognize that the 
key to producing absorbent fibers lies in the use of different cross-linking chemistry. Moreover, the very benefit 
sought and achieved by using a polyamine in the patent leads away from fit>er manufacture. 

U.S. Pat Nos. 4,731 ,067 and 4,880,868 to Bi Le-Khac teach that blends of partially neutralized isobutylene- 
maleic anhydride copolymers and non-reactive compounds can be made into absorbent fibers. More spedn- 

45 cally, L.e-Khac discovered that blends of a did or glycol with a partially neutralized isobutylene-maleic anhydride 
copolymer are stable at room temperature, can be stored for long periods of time, and facilitate fit>er spinning 
on conventional spinning equipment Fiber spinning of Le-Khac's blends is possible because cross-linldng is 
effected only through ester linkages which do not form at room temperature, ghnng the blends excellent stability 
and shelf life. 

so Notwithstanding the significance of Le-Khac's discovery tiiat cross-linking through ester linkages results 

in a stable, uncured but heat curable syrup which can be spun into fibers using conventional dry spinning techni- 
ques, the resulting fibers have met with limited commercial success. The limited commercial success is due 
to the fact that the absorbent properties of the fibers are extremely difficult to control ; there Is considerable 
absorbency var^tion between fibers and among fiber runs. This difficulty in controlling the absort>ent properties 

55 of the fibers Is due in large part to the feet that in order to achieve cross-linking cure times of about thirty minutes 
and obtain a fiber that absorbs 40-50 times its weight of brine, it is necessary to add considerably more diol or 
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glycol than theoretically needed to achieve cross-linking. The addition of excess amounts of diol or glycol 
are necessary because during processing, i.e.* spinning of the blend, large anriounts of the non-readive diol 
or glycol are washed out of the blend or tend to migrate to the fiber surface and do not effect cross-linking. In 
other words, extra diol or glycol must be added to ensure that sufficient anrrounts are present to achieve cross- 

5 linking of the resultant fibers. Because of the excess amount and uncertain location of non-rea^e compound 
in the fiber and on the fiber surface, absorbency properties of the fibers are difficult to control and tend to vary 
considerably. Obtaining optimal curing and consistent absorbency is pretty much by trial and error. 

A substantial amount of additional effort has gone into understanding the cross-linking problems exhibited 
by the fibers of the above-menttoned patents and has led to the discovery of not only the reasons fw the prob- 

io lems but also to the present invention, which provides a solution to those problems. The present invention faci- 
litates the production of absorbent fibers using conventional spinning equipment, requires considerably less 
cross-linking agent, shorter cure times, and yields absorbent fibers having uniformly consistent absorbency 
properties. Quite surprisingly, the absorbent fibers of this invention possess much better absorbent properties 
as compared to the prior art fit>ers. 

15 According to this invention, there is provided a fiberirable, aqueous, uncured but curable, polymer compo- 
sition comprising the reactk>n product of : 

(a) a partially neutralized aqueous polymer composition prepared by the reaction of a strong l>ase with a 
polymer containing at least 25 nrK>le percent recumng units of an a.p-unsaturated monomer having in its 
molecule one or two carboxyl groups or one or two other groups convertible to carboxyl groups, the degree 

20 of neutralizatfon of said partially neutralized polymer being within the range of from about 0.2 to about 0.8 

equivalent of total carboxyl groups or groups convertible to carboxyl groups of the a,p-unsaturated mono- 
mer, with 

(b) from about 0.1 to about 10 total parts by weight of at least one reactive compound per 100 parts by 
weight of the partially neutralized aqueous polymer, the reacUve compound being a water soluble conv 

25 pound bearing one amine group and at least one hydroxyl group, 

wherein the reaction product is formed by substituted ammonium carboxylate Ionic bonding between the 
unneutialized carboxyl groups on the polymer and the amine groups on the reactive compound. 

Also according to this invention, there is provided a metiiod for making absorbent fibers which comprises: 

(a) attenuating a partially neutralized, aqueous, uncured polymer composition prepared by reacting a strong 
30 base with a polymer containing at least 25 nnole percent recurring units of an a.p-unsatuFated monomer 

having in Its nrwiecule one or two carboxyl groups or one or two otiier groups convertible to cartwxyl groups, 
the degree of neutralization of said partially neutralized polymer being within the range of from about 0.2 
to about 0-8 equivalent of totel carboxyl groups or groups convertible to cart>oxyl groups of the a,^nsatu- 
rated monomer, with from about 0.1 to about 10 total parts by weight of at least one reactive compound 
35 per 100 parts by weight of the partially neutralized polymer, the reactive conripound being a water soluble 

compound bearing one amine group and at least one hydroxyl group, and 

(b) heating the fibers to cure and render tiiem absorbent by removing water and cross-linking through both 
ester and amide linkages. 

According to this invention, there is also provided an absorbent fiber which is the cured attenuated reaction 
40 product of: 

(a) a partially neutralized, aqueous, uncured polymer composition prepared by reacting a strong base with 
a polymer containing at least 25 mole percent recurring units of an a,p-unsaturated mononwr having in its 
molecule one or two cart>oxyl groups or one or two other groups convertible to carboxyl groups, the degree 
of neutralizatton of said partially neutralized polymer being within the range of from about 0.2 to about 0.8 

45 equwalent of total carboxyl groups or groups convertible to cartK>xyl groups of the a,p-unsaturated mono- 

mer, with 

(b) from about 0.1 to about 10 total parts by weight of at least one reactive compound per 100 parts by 
weight of the partially neutralized polymer, the reactive compound being a water soluble compound bearing 
one amine group and at least one hydroxyl group. 

50 In a preferred embodiment, cured fibers of this invention are capable of at>sorb{ng at least 60, preferably 

at least 70, and most preferably at least 80, times their weight in brine (0.9 wL% NaCI) and are produced using 
from about 0.1 to about 1 0. preferably from about 0.5 to about 6, and most preferably from about 1 to about 5, 
parts by weight of reactive compound and cure conditions within the following ranges : cure temperatore, 140- 
210**C. ; cure time, less ttian about 15, preferably less than about 12, minutes. The examples which follow below 

55 demonstrate several fibers which fail within the preferred embodiment 

The partially neutralized polymer employed in this invention is prepared using a polymer containing at least 
25 mole percent recurring unite of a,p-unsaturated monomer. The polymer may be a homopdymer or a 
copolymer, in which case it will contain in mole percent from about 25 to about 75 mole percent of at least one 
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a,p-unsaturated-monomer and from about 75 to about 25 recurring units of at least one copolymerizable mono- 
mer. 

Any a,p-unsaturated monomer having in its molecule one or two carboxyl groups or one or two other groups 
which can fc>e converted into carboxyl groups by hydrolysis or acidification is suitable for use. 
5 Particularly suitable a.p-unsaturated monomers for use to produce homopolymers usable to produce the 

partially neutralized polymer include acrylic acid and methacrylic acid. 

Particulariy suitable a,p-unsaturated monomers for use to produce copolymers usable in this invention 
include those which bear one or two carboxyl groups or% roups convertible to carboxyl groups, such as car- 
boxylic acid salt groups, carboxylic acid amide groups, carboxylic acid imide groups, cart)oxyllc acid anhydride 
10 groups, and carboxylic acid ester groups. 

Examples of suitable a,p-unsaturated monomers are maleic acid, crotonic acid, fumaric acid, mesaconic 
acid, the sodium salt of maleic acid, the sodium salt of 2-^ethyl,2-butene dicarboxylic acid, the sodium salt of 
Itaconlc acid, maleamic acid, maleamide,.N-phenyImaleimide, maleimide, maleic anhydride, fumeric anhyd- 
ride, itaconic anhydride, citraconic anhydride, mesaconic anhydride, methyl itaconic anhydride, ethyl malete 
15 anhydride, diethylmaleate, methylmaleate, and the like, and their mbctures. 

Suitable copolymerizable monomers for use to produce partially neutralized copolymers used in this inven- 
tion can be readily selected by one skilled in the art. Of course, a copolymerizable monomer which does not 
negatively affect the absorbent properties of the cured reaction product should be selected. 

Suitable copolymerizable monomers include a-olefins, vinyl monomers, and vinytidene monomers. Exam- 
20 pies of suitable monomers include : ethylene, propylene, isobutylene, 1-butylene, Ci to C4 alkyl methacrylates, 
vinyl acetate, methyl vinyl ether, isobutyl vinyl ether, and styrenic compounds having the formula : 

wherein R represents hydrogen or an alkyl group having from 1 to 6 carbon atoms and wherein the benzene 
30 ring may be substituted with low molecular weight alkyl or hydroxy groups. 

Suitable Ci to C4 alkyl acrylates include methyl acrylate, ethyl acrylate, isopropyl acrylate, n-propyl acry- 
late, n-butyl acrylate, and the like, and their mixtures. 

Suitable Ci to C4 alkyl methacrylates include methylmethacrylate, ethyl methacrylate, isopropyl methao- 
vylate, n-propyl-methacrylate, n-butyl methacrylate. and the like, and their mbctures. 
35 Suitable styrenic compounds include styrene, a-methylstyrene, p-methylstyrene, t-butyl styrene, and the 

like, and their mixtures. 

If a copolymer (understood to Include terpolymers, etc.) rather than a homopolymer is employed in the prac- 
tice of this inventbn, it will contain in mole percent from at)out 25 to about 75 recurring units of at least one 
a,p-unsaturated monomer and from about 75 to about 25 recuning units of at least one copolymerizable mono- 

40 mer. Preferably, the copolymer will contain from about 35 to about 65 mole percent recurring units of at least 
one a,p-unsaturated monomer and from about 65 to about 35 total mole percent of at least one copolymerizable 
monomer. Most preferably, the copolymer used in the Invention win be an equlmolar copolymer. Copolymers 
are preferred in the practice of this Invention. 

Examples of polymers usable in the practice of this Invention include : a-olefin/maleic anhydride copolym- 

45 ers, a-olefin/cltraconic anhydride copolymers, a-olefin/acrylic acid copolymers, a-olefin/methacryllc ackl 
copolymers, vinyl compound/maleic anhydride copolymers, vinyl compound/cttraconte anhydride copolymers, 
vinyl compound/acrylic acid copolymers, vinyl compound methacrylic add copolymers, all^ acrylate/maleic 
anhydride copolymers, alkyl acryJate/citraconic anhydride copolymers, alkyl vinyl ether/maleic anhydride 
copolymers, alkyl vinyl ether/citraconic anhydride copolymers, vinyl acetate/maleic anhydride copolymers, a- 

50 defin/maleic anhydride/a-olefin terpolymers, polyacryf ic acid, polymethacryltc acid, and the like, and their mixt- 
ures. 

One polymer particularly suitable for use in this invention is a copolymer of isobutylene and maleic anhyd- 
ride. Another Is styrene and maleic anhydride. Suitable polymers will have peak molecular weights of from about 
5,000 to about 500,000 or higher. 
55 Copolymers of isobutylene and maleic anhydride can be prepared using any suitable conventional method 

but are also commercially available from Kuraray Isoprene Chemical Company, Ltd., Tokyo, Japan, under the 
trademaric ISOBAM. ISOBAM copolymers are available in several grades which are differentiated by viscosity 
molecular weight : ISOBAM-18, 290,000 to 310,000 ; ISOBAM-10, 160,000 to 170,000 ; ISOBAM-06, 60,000 
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to 90.000 ; ISOBAM-04. 56,000 to 65,000 ; and ISOBAM-600, 6,000 to 10,000 ISOBAM-18 and ISOBAM-IO 
are the preferred copolymers. 

As discussed above, an a,^nsaturated monomer which contains one or two groups convertible to the 
required carboxyl groups may be used, but conversion typically involves an additional hydrolysis or acidification 
5 step. 

For example, if the a,p-unsaturated monomer bears only carboxylic acid amide, carboxylic add imide, car- 
boxylic acid anhydride, carboxylic acid ester groups, or mixtures thereof, it wfll be necessary to comrert at least 
a portion of such carboxylic acid derivative groups to carboxylic acid groups by, for example, a hydrolysis reac- 
tion. If an isobutylene/maleic anhydride copolymer is selected for use, upon the formation of an aqueous compo- 

io sition, a ring-opening hydrolysis reaction occurs which provides a pendant carboxyl group. 

The neutralization reaction to produce the partially neutralized polymer used in this invention Is canied out 
using any suitable strong organic or inorganic base. Suitable bases include alkali metal hydroxides, anrtmonium 
hydroxides, and substituted ammonium hydroxides. Alkali metal hydroxides such as potassium hydroxide and 
sodium hydroxide are preferred. 

IS The neutralization reaction is carried out in water to obtain a partially neutralized polymer, the degree of 

neutralization of the polymer being within the range of from about 0.2 to about 0.8, preferably 0.3 to 0.7, equh^- 
alent of total carboxyl groups of the ct.^-unsatu^ated monomer. 

In the practice of this inventton,1 00 parts of the partially neutralized polymer is then reacted with from about 
0.1 to about 10 or more, preferably from about 0.6 to about 6. and most preferably from about 1 to about 5, 

20 parts by weight of a reactive compound selected to have one amine group and at least one, preferably two, 
hydroxyl groups 

Using more than 10 parts of reactive compound, although possible, provides no advantage in this inventton. 
Moreover, it is desirable to use as little reactive compound as possible sufficient to achieve cross-linking. 

Suitatrfe water-soluble leactive compounds include : ethanol-amine, tris{hydroxymethyl)aminomethane, 3- 
25 amino-1-propanoI, DL-1-amlno-2-propanoI, 2-amino-1-butanol, N.N-dimethylethanolamine, diisop- 
ropanolamine, methyldiethanolamine, triethanol amine, 2-(methylamino)ethanol, and the like, and their 
mbctures. Tris(hydroxymethyI)aminomethane is prefenned. 

The water-soluble reactive compound bearing one amine and at least one hydroxyl group serves as a high 
temperature, slow-reacting, two-step cross-linking agent for the partially neutralized polymer. The amine groups 
30 react first to tie or graft the reactive compound onto the partially neutralized polymer via fast-reacting ammonium 
salt formations between the amine and the pendant carboxylic add units on the pcriymer. At this point, the par- 
tially neutralized polymer reaction product is still linear and possesses excellent shelf life stability and proces- 
sability. It is not cured, and hence, not absorbent, at this point and can be fabricated into any desred form for 
absorbent usage, such as fibers. The resultant Ionic bonds are sufficient to keep the reactive compound from 
35 migrating to the fiber surface or washing out during fiber processing ; thus, there is no need to employ the reac- 
tive compound in excess. All of the reactive compound remains available for the cross-linking reaction. 

The second stage reaction between the reactive compound and the polymer is the curing or cross-linking 
reaction. This cross-linking reactton will not occur and the product will not become absorbent until the partially 
neutralized polymer reaction product, bearing grafted reactive compound, is heated to a temperature sufficient 
40 to (i) remove water and form ester linkages between the hydroxyl groups of the reactive compound and the 
carboxy groups of the polymer and (ii) convert the substituted ammonium carboxylate ionic bonds to amide 
linkages. 

The cure conditions required to achieve optimal cross-linking depends upon several fectors. Including the 
particular polymer employed. For example, the cure temperature will depend on the polynoer. If the polymer is 

45 a partially neutralized ethylene/ maleic anhydride copolymer, a cure temperature of at least 140'C. will be 
required to achieve cross-linking. If the polymer is a partially neutralized styrene/maleic anhydride copolynter, 
a temperature of at least about 150**C. is required to cross-link ; and if a partially neutralized isobutylene/maleic 
anhydride copolymer is employed, a temperature of at least about IZO^C. will be required to achieve cross- 
linking. Cure times can vary depending, of course, on cure temperature and on the anrK>unt of reactive corrv- 

50 pound used. Cure times will typically be within the range of from about 0.5 to about 20 minutes, preferably 0^ 
to 15 minutes, and rnost preferably 0.5 to 12 minutes. To maximize absorbent properties, optimal cure of the 
fibers (i.e., minimal amount of cross-linking needed to fomi a cross-linked network) is required. Optimal cure 
is achieved by adjusting a number of variables within wide ranges depending upon the specific syrup compo- 
sition. As will be shown in the examples which follow, optimal cure conditions require, among other things, a 

55 balance between cure time and cure temperature. 

As is readily apparent from the high temperature required to achieve cross-linking, the aqueous reaction 
product of the partially neutralized polymer and the reactive compound. Le., the grafted polymer syrup, can be 
stored for an unlimited time. This unlimited room temperature stabflity facilitates further processing of the syrup 
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into any number of conventional forms, such as fibers and films using conventional methods. For example, the 
syrup can be further processed by casting, spray drying, air-assisted spray drying, air attenuation , wet spinning, 
dry spinning, flash spinning, and the like. To facilitate the removal of water from the aqueous composition of 
this invention during the spinning process, minor amounts of other polar solvents such as alcohol can be added 

5 to the aqueous syrups of the invention. The resultant fibers can be further processed into milled fibers, chopped 
fibers, fluff or bulk fibers, strands, yams, webs, composites, woven fabrics, non-woven mats, tapes, scrim, and 
the like, using a variety of methods Including twisting, beaming, slashing, warping, quilling, severing, crimping, 
texturizing. weaving, knitting, braiding, etc., and the like. 

All fiber samples produced in the examples which follow were tested to detenmtne their absorbent properties 

10 using conventional test procedures to measure the unit of liquid (brine) absorbed per u nit of fiber sample (Free 
Swell Index) and the unit of liquid (brine) retained per unit of fiber sample after subjecting the swelled fiber 
sample to 0.5 psi. In addition, all fiber samples were felt after cure to determine whether each sample was slip- 
pery to the touch (S) indicating undercure, dry to the touch (D) indicating full cure, or very dry to the touch (VD) 
indicating overcure. The Free Swell Index test procedure used is described in U.S. PaL No. 4,454.055, the 

16 teachings of which are incorporated herein by reference. The test procedure and equipment used herein were 
modified slightly as compared to the procedure and equipment described in U.S. Pat No. 4,454,055. 

To detennlne the Free Swell Index at atmospheric (room) pressure, about 0.2 to 0.3 g of about 3/4 in. cured 
water-absorbing fibers to be tested is placed in an empty W-shaped tea bag. The tea bag containing the fibers 
is Immersed in brine (0.9 wt% NaCI) for 10 minutes, removed and allowed to sit on a paper towel for 30 seconds 

20 to renDove surface brine. The Free Swell Index of the fiber, that Is, the units of liquid absorbed per each unit of 
sample is calculated using the following formula : 

Swell lndex = ^^^ii^p^^-1 
Weight of dory Fibers 

To detenmine Free Swell Index under pressure (0.5 psi retention), the following modified procedure was 
25 used. 

After the tea bag containing the fiber sample is immersed in brine and surface brine is removed, it is 
immediately placed in a 16 cm ID Buchner funnel fitted with a 2000 ml sidearm vacuum filterfiask and connected 
to a manometer. A piece of dental dam rubber sheeting is securely fixed over the mouth of the funnel such that 
the sheeting Just rests on the tea bag. Next, a vacuum sufficient to create the desired pressure is drawn on the 
30 flask for a period of 5 minutes, and the Free Swell Index under pressure is calculated using the at>ove formula. 

The following examples further demonstrate the invention. 

EXAMPLE 1 

35 This example demonstrates the preparation of an uncured syrup composition of this invention and further 

demonstrates the preparation of cured absorbent fibers from the syrup composition. 

A syrup composition (Syrup A) was prepared by reading about 2.96 granns (2 phr) of a water-soluble reao- 
th^e compound, tris(hydroxymethyl)amlnomethane, with about 400 grams of a partially neutralized isobutylene- 
/maleic anhydride copolymer solution. Ttie partially neutralized isobutylene/maleic anhydride copolymer 

40 solution was prepared as follows. 

About 148.2 1l>s. of demineralized water were added to a 50-gaIlon Ross mbcer. Next, about 31 lbs. of 
sodium hydroxide pellets were added slowly to the mixer with agitatk3n. About 108.5 lbs of ISOBAM-10 iso- 
butylene/maleic anhydride (1 :1) copolymer were charged into the mbcer over a period of about one hour with 
agitatton. ISOBAM-10 copolymer has a viscosity molecular weight of about 170,000 and is commercially avatl- 

45 able firom Kuraray Isoprene Chemical Company, Ltd. After the addition of ISOBAM-10 copdymer, the mbcer 
contents were heated to at>out lOO'^C. and held with continuous agitation for about four hours to complete the 
neutralization reaction. 

Syrup A was observed to be non-cross-linked and found to be stable at room temperature. Syrup.A was 
also found to contain 48% solids and have a pH of 6.8. The degree of neutralization was found to be about 
50 0.55. meaning 55% of carboxyl groups had been neutralized, with 45% remaining unneutralized carboxylic ackf 
units. 

Fibers were spun from Syrup A using a dry spinning process. The fibers produced had deniers of 2-3 and 
were non-cross-linked. 

The fibers were divided into several portions and each portion was separately cured by heating at about 
55 180**C. for different cure times within the range of from about 10 to about 20 minutes. Each portion of cured 
fibers was recovered as water-absorbing fibers of the invention and tested for brine at)sorbency. The cure con- 
ditions and brine absort>ency test results are shown in Table I. 
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TABLE I 



FIBER GURE CONDITIONS AND BRINE ABSORBENCY PROPERTIES 



Fibers of Syrup 



A 


A 


A 


A 


A 


180 


180 


180 


180 


180 


10 


10 


14 


18 


20 



Cure Temperature (**C.) 
io Cure Time (Minutes) 

Absorbency Test ; 

Svell Index 

Atm. Pressure (g/g> 100.5 95,6 80,6 76.5 69.9 

0-5 psi (g/g) 72,5 66.6 55.6 48.9 42.6 

Cure State D D D D D/VD 



The above data show that using 2 phrof reactive compound and a cure temperature of 180*'C. fully cured 
fibers having excellent absorbency are produced. The data further show that absorbent properties decrease 
as cure times are lengthened, indicating that cure times of about 1 0 minutes or less at 1 80*^0. and 2 phr cross- 
tinking agent are optimal. 



EXAMPLE 2 



This example demonstrates the preparation of another uncured syrup composition of this invention (Syrup 
B) using substantially the procedure of Example 1 but employing 5.92 grams (4 phr) of tris(hydroxymethyl)ami- 
30 nomethane reactive compound. 

Syrup B was likewise observed to be non-cross-linked and found to be stable at room temperature. 

Fibers of 2-3 denier were spun from Syrup B using a dry spinning process. The uncured fibers were divided 
into several portions for curing, and each portion was cured and tested to determine Its absorbent properties. 
The cure conditions and brine absorbent properties are shown In following Table II. 



TABLE II 

FIBER CURE CONDITIONS AND BRINE ABSORBENT PROPERTIES 



Fibers of Syrup 



B 


B 


B 


B 


B 


B 


B 


180 


185 


180 


185 


180 


180 


180 


5 


5 


7.5 


7.5 


8.7 


10 


15 



Cure Time (Minutes) 
Absorbency Test s 
Swell Index 

Atm, Pressure (g/g) 85.7 67:3 79.7 51-7 69.9 63-8 57.5 

^ 0.5 psi (g/g) 49.6 45.9 44.8 41.0 43.7 40.3 37.0 

Cure State d D D D D VD VD 



55 The at>ove data show that using 4 phr of reactive compound and a cure temperature of from 180**-185**C. 

that fully cured fibers possessing excellent absorbent properties result Because the absorbency properties 
using 4 phr of reactive compound are not as good as the absorbency achieved using 2 phr (see Table I), 1^ 
than 4 phr cross-linking agent m preferred at a cure temperature of 1 80**C. and a cure time of atiout 1 0 minutes. 
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The data further show that if 4 phr of reactive compound is used, cure times of less than 1 0 minutes are requfe-ed 
to achieve optimal absorbency, 

EXAMPI-E3 

This example demonstrates the preparation of another syrup composition of the invention (Syrup C) using 
substantially the procedure of Example 1 but employing ISOBAM-18 rather than ISOBAM-10 copolymer. ISO- 
BAM-18 has a higher viscosity molecular weight of from 290,000 to 310,000. 

Syrup C was observed to be non-cross-linked and found to be stable at room temperature. 

Fibers of 2-3 denier were spun from Syrup C by a dry spinning process. The effect of different cure tem- 
peratures and times on the absorbent properties of three pairs (same cure times) of fiber samples is shown in 
Table III. 



TABLE III 

FIBER CURE CONDITIONS AND BRINE ABSORBENT PROPERTIES 



Fibers of Syrup 



Cure Temperature ("C.) 174 178 17A 178 174 178 

Cure Time (Minutes) 4 4 6 6 8 8 

Absorbency Test ; 

Swell Index 

Atm. Pressure (g/g) 74,7 118.8 126.9 122,5 118.5 96.0 

0.5 psi (g/g) 44.2 68.7 80.2 71.8 71.8 63.7 

Cure State S S/0 D D D D 



The above data show the sensitivity of fiber absorbent properties to cure conditions. Although all of the sfoc 
fiber samples were found to possess excellent absorbent properties, the data show that for Syrup C, the optimal 
conditions to t>e a cure time of about 6 minutes at a cure temperature of from 174**-178'C. The samples which 
were cured for only 4 minutes were deemed to be slippery to the touch (S) and, hence, undercured. 

EXAMPLE 4 

Using the above-described procedures, three additional syrup compositions (Syrups D, E, and F) were 
prepared using different reactive compounds. Table IV sets forth the compositions of Syrups D, E, and F and 
the cure conditions and brine absorbent properties of the 2-3 denier fibers prepared from each syrup. 
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TABLE IV 



SYRUP COMPOSITION, 
FIBER CURE COm)ITIONS, AND BRINE ABSORBENT PROPERTIES 



Syrup Compos i*lon 



10 

Copolymer : 

Neatralizsd cooolymer 

of Example 1 100 100 

iS 

Neutralized copolymer 

of Example 3 — — 1*20 

Reactive Compound : 

^ Ethanolamiae (phr) 3 2 

DL-l-amino-2- 

propanol (phr) — — ^ 

Fiber Cure Condi "ions: 

25 — 

Cure Temperature C^C.) ISO 130 130 

Cure Time (Minutes) 4 6 6 

Fiber Absorbency Test ; 

30 

Svell Index 

Atm, Pressure (g/^) 95.0 70.7 93.0 

0.5 psi (g/g) 77.3 51.9 53.8 

35 

The above data show that excellent absorbency is achieved using various reactive compounds which con- 
tain one amine and at least one hydroxy! group. 

It will be evident from the foregoing that various modifications can be made to this invention. Such, however, 
40 are considered as being within the scope of the invention. 

Claims 

45 1. A fiberizable, aqueous, uncured but curable, polymer composition comprising the reaction product of : 

(a) a partially neutralized aqueous polymer composition prepared by the reaction of a strong base with 
a polymer containing at least 26 mole percent recuning units of an a,p-unsaturated monomer having 
in its molecule one or two carboxyl groups or one or two other groups convertible to carboxyl groups, 
the degree of neutralization of said partially neutralized polymer being wfthin the range of from about 

so 0.2 to about 0.8 equivalent of total cart)oxyl groups or groups convertible to carboxyl groups of the a,p- 

unsaturated monomer, with 

(b) from about 0.1 to about 10 total parts by weight of at least one reactive compound per 100 parts by 
weight of the partially neutralized aqueous polymer composition, the reactive compound being a water 
soluble compound bearing one amine group and at least one hydroxy! group, wherein the reaction pro- 

55 duct which is formed by substituted ammonium carboxylate ionic bonding between the unneutralized 

carboxyl groups on the polymer and the amine groups on the reactive compound is stable at room tenv 
peratune and can be made into absorbent fibers. 
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2. The fiberizable composition of claim 1 in which said polymer is a copolymer containing from at>out 25 to 
about 75 mole percent recurring units of at least one a,p-unsaturated monomer having in its molecule one 
or two carboxy I groups or one or two other groups con vertible to carboxyl groups and from about 75 to atK)ut 
25 mole percent recurring units of at least one copolymerizable monomer. 

3. The fiberizable composition of claim 1 in which said polymer is a copolymer containing from about 35 to 
about 65 mole percent recumng units of at least one a,p-unsaturated monomer having in its molecule one 
or two carboxyl groups or one or two other groups convertible to carboxyl groups and from about 65 to about 
35 mole percent recurring units of at least one copolymerizable monomer. 

4. The fiberizable composition of claim 1 in which said polymer is a copolymer containing about 50 mole per- 
cent recurring units of at least one ocp-unsatu rated monomer having in its molecule one or two cartx>xyi 
groups or one or two other groups convertible to carboxyl groups, and about 50 mole percent recurring 
units of at least one copolymerizable monomer. 



5- The fiberizable composition of any one of claims 1 to 4 in which said polymer is a copolymer selected from 
a-olefin/maleic anhydride copolymers, a-olefin/citraconic anhydride copolymers, a-olefin/acrylic acid 
copolymers, a-olefin/methacrylic acid copolymers, vinyl compound/maleic anhydride copolymers, vinyl 
compound/cftraconic anhydride copolymers, vinyl compound/acrylic add copolymers, vinyl conv 
20 pound/methyacrylic acid copolymers, alkyl acrylate/maleic anhydride copolymers, alkyl acrylate/citraconic 

anhydride copolymers, alkyl vinyl ether/maleic anhydride copolymers, alkyl vinyl ether/crtraconk: anhydride 
copolymers, a-olefin/maleic anhydride/a-olefin terpolymers, and vinyl acetate/maleic anhydride copolynv 
ers. 

25 6. The fiberizable composition of any one of claims 1 to 4 in which said polymer is selected firom polyacrylte 
add, polymethacrylic acid, isobutylene/maleic anhydride copolymer, isobutylene/maleic anhydride/styrene 
terpolymer, and styrene/maleic anhydride copolymer. 

7. The fiberizable composition of any one of claims 1 to 6 in which sakj at least one reactive compound is 
30 present in an amount of from about 0.5 to about 6 total parts by weight 

8. The fiberizable composition of any one of dafms 1 to 6 in which sakJ at least one reactive compound is 
present in an amount of from about 1 to about 5 total parts by weight 

3S 9. The fiberizable composition of daim 1 in whk:h said reactive compound is selected from ethanolamine, tris 
(hydroxymethyl}aminomethane, 3-amino-1-propanol, DL-1-amino-2-propanol,2*^mino-1-butanol, N-N-dl- 
methylethanolamine, diisopropanolamine, methyldiethanoiamine, triethanolamine, and 2-{methylamino) 
ethanol. 

40 10. A method for making absorbent fibers whk:h comprises : 

(a) attenuating a partially neutralized, aqueous, uncured polymer composition as claimed in any one of 
daims 1 to 9 and 18 to fomn fibers, and 

(b) heating to cure and render the fibers absorbent by renrraving water and cross-linking through t>oth 
ester and amide linkages. 

45 

11. The method of daim 10 in which the composition Is attenuated into fibers by a process selected from wet 
spinning processes, dry spinning processes, and flash spinning processes. 

12. The method of daim 10 or daim 11 In which the fibers are cured and rendered absorbent by heating at a 
so temperature within the range of from about 140°C. to about 210°C. 

13. The method of claim 1 0 or claim 1 1 in which the fibers are cured and rendered absorbent by heating at a 
temperature within the range of from about MO'^C. to about 210°C. for a period of from about 0.5 to about 
20 minutes. 



55 



14. The method of any one of daims 1 0 to 1 3 in which the heating step is sufTicient to produce a fiber capable 
of absorbing at least 60 times its own weight of brine. 
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15. The method of any one of datms 10 to 13 in which the heating step is sufficient to produce a fiber capable 
of absorbing at least 70 times its own weight of brine. 

16. The method of any one of claims 10 to 13 in which the heaUng step is sufficient to produce a fiber capable 
of absorbing at least 80 tin>es its own weight of brine. 

17. An absorbent fiber which is the cured attenuated reaction product of : 

(a) a partially neutralized, aqueous, uncured polymer composition prepared by reacting a strong base 
with a polymer containing at least 25 mole percent recurring units of an a,p-unsaturated nwnomer hav- 
ing in its molecule one or two carboxyl groups or one or two other groups convertible to carboxyl groups, 
the degree of neutralization of said partially neutralized polymer being within the range of from about 
0.2 to about 0.8 equhralent of total carboxyl groups or groups convertible to carboxyl groups of the a,p- 
unsaturated monomer, with 

(b) from about 0.1 to about 1 0 total parts by weight of at least one reactive compound per 100 parts by 
weight of the partially neutralized polymer, the reactive compound being a water soluble compound 
bearing one amine group and at least one hydroxyl group. 

18. A fiberizable, aqueous, uncured but curable, polymer composition comprising the reaction product of : 

(a) a partfeiiiy neutralized aqueous polymer composition prepared by the reaction of a strong base with 
a polymer containing at least 25 mole percent recurring units of an a,p-unsaturated monomer having 
in its molecule one or two groups each of which is a carboxyl group or is convertible to a cart)oxyl group, 
the degree of neutralization of said partially neutralized polymer being within the range of from about 
0.2 to about 0.8 equh^lent of total carboxyl groups or groups convertible to carboxyl groups of the a,p- 
unsaturated monomer, with 

(b) from about 0.1 to about 1 0 total parts by weight of at least one reactive compound per 100 parts by 
weight of the partially neutralized aqueous polymer composition, the reactive compound being a water 
soluble compound bearing one amine group and at least one hydroxyl group, wherein the reaction pro- 
duct which is fbnned by substituted anwnonium carboxylate ionic bonding between the unneutralized 
carboxyl groups on the polymer and the amine groups on the reactive compound is stable at room ten>- 

30 pe nature and can be made into absorbent fibers. 

19. An absorbent fiber which is the cured attenuate reaction product of ; 

(a) a partially neutralized, aqueous, uncured polymer composition prepared by reacting a strong base 
with a polymer containing at least 25 mole percent recurring units of an a,p-unsaturated monomer hav- 
ing in its molecule one or two groups each of which is a carboxyl group or is convertible to a carboxyl 
group, the degree of neutralization of said partially neutralized polymer being within the range of from 
about 0.2 to about 0.8 equivalent of total carfcioxyl groups or groups convertible to carboxyl groups of 
the GL,p-unsaturated monomer, with 

<b) from about 0.1 to about 10 total parts by weight of at least one reactive compound per 100 parts by 
weight of the partially neutralized polymer, the reactive compound being a water soluble compound 
bearing one amine group and at least one hydroxyl group. 
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